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Lorenzoni 

 

Figure 5.1. Map of IGMETS-participating South Atlantic time series on a background of a 10-year time-window (2003–2012) sea surface 

temperature trends (see also Figure 5.3). At the time of this report, the South Atlantic collection consisted of 13 time series (coloured 

symbols of any type), of which two were from estuarine areas (yellow stars). Dashed lines indicate boundaries between IGMETS 

regions. Uncoloured (gray) symbols indicate time series being addressed in a different regional chapter (e.g. Southern Ocean, South 

Pacific, North Atlantic). See Table 5.3 for a listing of this region’s participating sites. Additional information on the sites in this study is 

presented in the Annex. 
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5.1 Introduction 

5.1.1 Geographic setting 

The southern delimitation of the South Atlantic has been 

historically debated; oceanographically, the Subantarctic 

Front has been considered the southern limit of this 

ocean basin. The position of this front fluctuates between 

about 38°S and 58°S in the Atlantic. Here, we defined the 

South Atlantic as the area between the equator and 45°S 

and between the continental land masses of Africa and 

South America. Depending on this southern boundary 

delimitation, the South Atlantic covers an area of 30–

40 million km2 (ca. 10% of the total area of the world’s 

oceans), with a volume of ca. 160 million km3 (ca. 12% of 

the world’s oceans volume) (Figure 5.1, Eakins and 

Sharman, 2010). It has an average depth of 3973 m and a 

maximum depth of 8240 m. 

The South Atlantic started forming about 160 million 

years ago (late Jurassic and early Cretaceous) and is still 

spreading today. The western continental margins of the 

South Atlantic are broad between the equator, where the 

Amazon River discharges, and about 5°S (the bulge of 

Brazil). They become relatively narrow between this 

region and about 15°S. The margins become broader 

again to the south, with the Argentine (Patagonia) Shelf 

extending well over 400 km into the ocean, reaching 

around 850 km in width at about 50°S (Violante et al., 

2014). In the eastern South Atlantic, the broadest shelf is 

located off western South Africa around 29°S, becoming 

narrower in Namibia and to the north. Off the Congo 

River Delta, the shelf is only about 150 km wide and cut 

by a deep canyon (Savoye et al., 2009).  

 

 

Figure 5.2. Schematic major current systems in the IGMETS-defined South Atlantic region. Red arrows indicate 

generally warmer water currents; blue arrows indicate generally cooler water currents. 
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5.1.2 Circulation patterns  

The major physical oceanographic features of the South 

Atlantic have been described in numerous publications 

(Krummel, 1882; Deacon, 1933; Wefer et al., 1996; Garzoli 

and Matano, 2011; and many others). Only a brief 

overview of the circulation that results from these forces 

is provided below for background. 

The circulation of this basin is driven partly by winds 

and partly by the large-scale circulation that overturns 

the ocean over the scale of the entire Atlantic because of 

thermohaline imbalances. The atmosphere over the 

South Atlantic shows a high pressure system between 

Africa and South America, typically centred around 

30°S. Toward the equator, the South Atlantic winds are 

dominated by the southeast trade winds. South of about 

40°S there is a belt of prevailing westerlies that extends 

south over the Southern Ocean. Trade winds and the 

westerly wind belts define northern and southern 

regions, respectively, of the South Atlantic atmospheric 

high-pressure system. The region around 40°S, where 

the strong westerlies begin, represents a maximum in 

wind convergence (i.e. a maximum in Ekman forcing) in 

the South Atlantic. These patterns are strongly seasonal. 

There is a net northward transport of heat from the 

South Atlantic to the North Atlantic across the equator. 

This significant cross-equatorial oceanic heat flux is 

characteristic in the Atlantic Ocean. Heat is carried north 

in surface layers of the South Atlantic via the southern 

branch of the South Equatorial Current, which originates 

with the Benguela Current in the southeastern Atlantic 

around 15–25°S off Africa (Figure 5.2). The current 

generally flows toward the northwest across the Atlantic 

and bifurcates in the central western portion of the 

Atlantic, with one branch going to the south/southwest 

(Brazil Current) and another going to the east/northeast 

merging into the North Brazil Current. This overall 

pattern is part of what is called the global Meridional 

Overturning Circulation (MOC; Lumpkin and Speer, 

2007; Lopez et al., 2016).  

The South Atlantic is a mixing basin for many water 

masses that form in different parts of the world’s oceans 

(Garzoli and Matano, 2011). The South Atlantic gyre, 

centered approximately at 50°W and 30°S, is bound by a 

number of major surface ocean currents, including the 

Antarctic Circumpolar Current, the Benguela Current, 

the South Equatorial Current, the South Equatorial 

Counter Current, the Brazil Current, and the Malvinas 

(or Falkland) Current (Whitworth and Nowlin, 1987; 

Guhin et al., 2003). There are strong variations in the 

Brazil and Malvinas (Falkland) currents and in the 

location and intensity of the Brazil/Malvinas Confluence 

in the western South Atlantic. These variations are 

important in defining the circulation, including the 

upwelling regime, and the biological productivity of the 

Patagonian Shelf (Matano et al., 2010). Off South Africa, 

variation in the Agulhas Current and the Agulhas 

Retroflection lead to variation in the Benguela Current. 

This is another important upwelling region in the South 

Atlantic (Andrews and Hutchings, 1980; Nelson and 

Hutchings, 1983; Shillington et al., 2006). These changes, 

in turn, affect the northward flow of water across the 

South Atlantic that eventually crosses the equator into 

the North Atlantic. 

The South Atlantic basin receives the discharge of many 

small rivers and some of the largest rivers of the world. 

These include the Congo-Chambeshi River and the 

Niger River off Africa and the Paraná-Rio de La Plata, 

Rio Negro, and São Francisco rivers off South America. 

The Amazon–Tocantins rivers discharge their water 

close to the equator off South America, but the majority 

of this water is advected northward toward the 

Caribbean Sea and toward the western North Atlantic 

(Müller-Karger et al., 1988, 1995; Hu et al., 2004; Johns et 

al., 2014). Thus, it is not discussed in this chapter. 

In the following sections, we summarize trends 

observed in ocean biogeochemistry time series for the 

South Atlantic region (Figure 5.1). The time series are 

discussed in the context of sea surface temperature 

(SST), sea surface chlorophyll concentration derived 

from satellites, and long-term gridded shipboard and 

model results for the South Atlantic for 1983–2012.  



86 

 

Figure 5.3. Annual trends in the South Atlantic sea surface temperature (a) and sea surface chlorophyll concentration (b), and 

correlations between chlorophyll and sea surface temperature (c) for each of the standard IGMETS time-windows. See “Methods” 

chapter for a complete description and methodology used. 
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5.2 General patterns of temperature and 

phytoplankton biomass 

Different trends are described for particular variables 

over different time-frames. The reader is cautioned that 

changing the length of the time series examined will 

yield different trends. Some of the differences in the 

long-term trends examined may be due to shifts in the 

position of fronts and boundaries between water masses 

rather than changes within a single water mass. Such 

displacement in water masses can lead to an apparent 

increase or decrease in a property relative to conditions 

that may have prevailed in a particular region prior to 

such change. 

The IGMETS time series of regional SST and satellite-

derived chlorophyll a provide a means to assess change 

in the marine environment. Over the 30 years before 

2012, nearly 86% of the South Atlantic warmed (75% at 

p < 0.05; Figure 5.3; Table 5.1). However, the South 

Atlantic gyre featured a cooling trend. In contrast, over 

the more recent 10-year time-window (2003–2012), only 

about 45% of the South Atlantic showed warming and 

55% showed cooling (Table 5.1). Even more recently, 

between 2008 and 2012, there was a large area between 

about 30°S and 10°N that showed cooling at 0.1°C year–1. 

Overall, 68% of the South Atlantic showed cooling 

during this period (Figure 5.3; Table 5.1). These results 

suggest that over the more recent 5-and-10-year time-

periods, strong warming occurred primarily in 

temperate latitudes (i.e. south of  ca. 30°S), with large 

areas showing >0.1°C year–1 (or warming by ca. 1°C if 

extrapolated over a decade). The areas showing fastest 

warming south of the mid-ocean gyre are waters of the 

South Atlantic Current and of the Antarctic Circumpolar 

Current (Figures 5.3 and 5.2).  

Trends of satellite-derived chlorophyll concentration 

showed significant increases in some areas over the 

different time-windows, but overall, chlorophyll 

decreased consistently over most of the South Atlantic 

between 1998 and 2012 (Table 5.2). A decrease in 

chlorophyll concentration of 0.001–0.01 mg m–3 year–1 

was observed in the central gyre between the South 

Atlantic Current and the Benguela Current trends 

around 40°S over each of the time-periods examined (i.e. 

2008–2012, 2003–2012, and 1998–2012). Much of this area 

experienced warming of > 0.1°C year–1 during these 

periods. 

To the south near the boundary defined for the South 

Atlantic region, there was some increase in chlorophyll 

concentration between 1998 and 2012 in areas where 

moderate warming was also observed. Concentrations 

increased considerably, particularly in the core of the 

Antarctic Circumpolar Current (Figures 5.3 and 5.2; 

Table 5.2; see also the “Southern Ocean” chapter, as 

these regions overlap). Indeed, over the 10-year time-

window (2003–2012), most of the significant chlorophyll 

increase occurred south of 40°S (over 10% of the area of 

the basin; Table 5.2; Figure 5.3).  

The fastest increase in chlorophyll in the South Atlantic 

occurred over the Patagonian Shelf, with rates 

> 0.05 mg m–3 year–1 observed between 1998 and the 

early part of the 2000s. A large positive anomaly in 

chlorophyll concentration was observed in the 

composite between 1998 and 2003 and is driven by an 

intrusion of the Malvinas Current onto the shelf near 

41°S in 2003 (Signorini et al., 2009; Piola et al., 2010). The 

analysis of the satellite-derived time series of 

chlorophyll concentration over the central area of the 

Patagonian Middle Shelf (around 40°S) by Delgado et al. 

(2015) shows that concentrations after 2003 and through 

2010 were lower, with a decrease in the amplitude of the 

seasonal cycle. 

Several large areas of high chlorophyll concentration 

and positive biomass trends corresponded to areas of 

high temperature and warming trends (Figure 5.3, lower 

panels). Such changes can be due to either increased 

stability in the water column (Signorini et al., 2015), 

physiological changes in the phytoplankton and 

phytoplankton community composition changes over 

time (c.f. Behrenfeld et al., 2015), a shift in the position of 

water masses, or a combination of these. 

5.2.1 Potential correlations with climate 

indices 

The North Atlantic Oscillation (NAO) tracks the 

difference between atmospheric pressures near Iceland 

and over the Azores. Fluctuations in the strength of 

these features change the jet stream, temperature, and 

precipitation in the North Atlantic. We examined 

whether there were correlations between chlorophyll 

concentration and the NAO in the South Atlantic over 5-

, 10-, or 15-year periods. Overall, the spatial pattern of 

correlation between chlorphyll concentration and the 

NAO was patchy, and correlations were low. The only 

area where a spatially-coherent pattern emerged was in 

the central area of the South Atlantic along the 

Subantarctic Front. Here, significant inverse correlations 

were observed between chlorophyll concentration and 

the NAO.  


